Form Approved

REPORT DOCUMENTATION PAGE OMB No. 0704-0188

Public reporting burden for this collection of information is estimated to average 1 hour per response, i ncluding the time for reviewing instructions, searching data sources,
gathering and maintaining the data needed, and com pleting and reviewing the collection of infgrmalion. Send com ments regarding this burden estimate or any other aspect of thi s collection
of information, including suggesti ons for reduci ng this burden to W ashington Headquarters Service, Directorate for Inform ation Operations and Reports,

1215 Jefferson Davi s Highway, Suite 1204, Arlington, VA 22202-4302, and to the Offi ce of Managem ent and Budget,

Paperwork Reduction Project (0704-0188) W ashington, DC 20503.

PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.
1. REPORT DATE (DD-MM-YYYY) 2. REPORT DATE 3. DATES COVERED (From - To)
11082003 June 2003 4/1/99 - 9/30/02
5a. CONTRACT NUMBER

4. TITLE AND SUBTITLE
TERRESTRIAL AMBULATURY ROBOTS

5b. GRANT NUMBER
N00014-99-1-0483
5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S) 5d. PROJECT NUMBER

Frank Kirchner

5e. TASK NUMBER

5f. WORK UNIT NUMBER

7. VPERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
REPORT NUMBER

Northeastern University
360 Huntington Avenue
Boston, MA 02115

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR'S ACRONYM(S)

Office of Naval Research
Ballston Centreée Tower One ‘
11. SPONSORING/MONITORING

800 North Quincy Street
Arlington, VA 22217-5660 AGENCY REPORT NUMBER

12. DISTRIBUTION AVAILABILITY STATEMENT

DISTRIBUTION STATEMENTA |

Approved for Publi Release
13, SUPPLEMENTARY NOTES Distribution lilr?l?mited | 2 0 03 0 9 1 5 0 8 4 |

4. ABSTRACT - _ _
Direct new technical developments are reported in the following sections with respect to the last report.

We have been focused to prepare the system for evaluation on the SWRI Test site. In order to be able to
perform as much testing as possible we have worked on 2 main aspects:

Software:
New behaviors have been implemented that allow the system to overcome more and difficult obstacles. A
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A behavior to push pull with front and hind legs while holding on to a branch or similar structure has been
implemented to over come very wide ditches (multiple meters) with a tree or similar structure as a bridge.
A behavior to lay down/stretch out the front legs has been implemented to overcome small ditches that are
wider than the robot is long and with no structural features (like natural bridge). A roll over behavior has
been implemented. This behavior becomes active if the system is laying on its back. Instead of rolling
around it will simply continue to walk on its back by inversing the direction of its legs. A behavior has
been implanted to use on of the 8 legs to grab objects (e.g. a wooden bar) and to carry it away by using
only 7 Legs. A behavior has been implanted to compensate for a missing or other wise used leg (other

than walking).

Hardware:

Plug and Play legs have been further developed to be changed by simply loosening 2 screw. The software
recognizes the replacement leg autonomously and adjusts the new leg automatically. Battery replacement
can be done on-line by plugging in the cord. The system will then continue to work. Advantage of this
approach is: no turning off of the system and restarting after the battery replacement. A Scanning (left
right movement of aprox. 45 degrees) Ultrasound sensor has been integrated in the front of the system for

obstacle detection/avoidance.
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1. EXECUTIVE SUMMARY

The focus the final report is the final project evaluation in Texas San Antonio, August 2002.

2. TECHNICAL PROGRESS

Direct new technical developments are reported in the following sections with respect to the last
report. We have been focused to prepare the system for evaluation on the SWRI Test site. In order
to be able to perform as much testing as possible we have worked on 2 main aspects:
1) Software:
a. New behaviours have been implemented that allow the system to overcome more
and difficult obstacles.
i. A behaviour to attach to branches and similar structures has been
implemented (see figure 1)
ii. A behaviour to slide on a branch, after having attached to it has been
implemented (see figure 1)

8/25/03 1




Figure 1: The Scorpion Robot attaching to a structure and then using the
structure to overcome a ditch by sliding on the structure.

iii. A behaviour to push pull with front and hind legs while holding on to a

branch or similar structure has been implemented to over come very wide
ditches (multiple meters) with a tree o similar structure as a bridge. (figure

Figure 2: The Scorpion using its fron/hind legs to pull/push to overcome a
natural bridge over a ditch.

14.12.1999 2




T O I/

Progress Report November '99

wg

iv. A behaviour to lay down/ stretch out the front legs has been implemented
to overcome small dit

ches that are wider than the robot is long and with no
structural features (like natural bridge).

Figure 3: The Scoion robot using its front legs to overcome ditches without
structural features like natural bridge.

V. A roll over behaviour has been implemented. This behaviour becomes
active if the system is laying on its back. Instead of rolling around it will
simply continue to walk on its back by inversing the direction of its legs.

14.12.1999 3




Figure 4/5: The Scorpion robot inverting the direction of its legs after having
toppeld over and laying on its back. It can then continue to walk/operate
normally.

vi. A behaviour has been implanted to use on of the 8 legs to grab objects (e.g.
a wooden bat) and to carry it away by using only 7 legs for walking.

" Figure 6: The Scorpion Robot grabbing a board (4.5. kg)

vii. A behaviour has been implemented to compensate for a missing or
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Figure 7: The Scotpion robot holding a board (2.5 kg) while walking over an
obstacles (height of the obstacle 25cm).
2) Hardware:

a. Plugand Play legs have been further developed to be changed by simply loosening 2
screws. The software recognizes the replacement leg autonomously and adjusts the
new leg automatically.

b. Battery replacement can be done on-line by plugging in the power cotd, changing
the battery pack and unplugging the power cord. The system will then continue to
work. Advantage of this approach is: no turning off of the system and restarting
after battery replacement

c. A scanning (left right movement of aprox. 45 degrees) Ultrasound sensor has been
integrated in the front of the system for obstacle detection/avoidance.
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Figure 8: The Scorpion scanning Ultrasound sensor in the front of the system.

3. MILESTONE REPORT

Milestones as according to the otiginal proposal have been achieved as reported in last progress
report.

4. FutuRE IssUES & TECHNOLOGY TRANSFER

We have submitted a 9 months proposal to NASA-Ames research center to continue working on
joint robotic activities involving the Scorpion and NASA’s ‘K9 rover system. Initial response is
positive but grant has not yet been awarded. No feedback has been received so far.

We plan to submit a new proposal for the continuation of testing of the current scotpion robot by
the end of 2003 or beginning of 2004 to Dr. Alan Rudolph.
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